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1
COMPLIANT ISOLATOR

BACKGROUND

It is common for vehicles to include components or parts
that are secured to one another while being moveable relative
to one another. For instance, in Class 8 heavy duty vehicles,
the cab is typically moveably mounted to the chassis to
accommodate and isolate vibrations, rocking, tilt, etc., ther-
ebetween. Furthermore, the chassis or frame may also include
components that are movably secured to one another to
accommodate movements in the frame over various road
conditions.

Movable components of a vehicle are generally secured to
one another in one of a variety of ways. For instance, the
components may be secured to one another through a linear
bearing or bushing mounting assembly that enables move-
ment in a travel direction with low resistance, but substan-
tially prevents any movement in a perpendicular cross-travel
direction.

The use of linear bearings and/or bushings has significant
drawbacks, especially when used on the exterior of a vehicle.
For instance, linear bearings and bushings have the propen-
sity to bind or wear out in the presence of environmental
contamination, such as debris, water, ice, etc. The possibility
of'contamination usually necessitates some method of sealing
the linear bushing or bearing to limit exposure to the environ-
mental contaminants, which drives up the cost of the linear
bearing or bushing mounting assembly. The seals also tend to
degrade over time, requiring replacement of the seals and/or
exposing the linear bearing or bushing assembly to environ-
mental contaminants. Linear bearings also tend to be inher-
ently expensive due to a large number of precision parts.
Bushings are a less expensive option; however, bushings are
a lower performance, less durable solution to linear bearings.
More particularly, the durability of the bushing generally
decreases as the parts continue to slide and wear on one
another. The performance is even further compromised by
environmental contaminants.

Another common solution that is not similarly affected by
environmental conditions is the utilization of a soft, elastic
material such as natural rubber to mount the vehicle compo-
nents together. Because the elastic material is soft, it allows
some movement between the parts. Moreover, the dimensions
of the elastic material can be configured to make the elastic
material stiffer in a first direction, while allowing movement
in, for instance, a second, perpendicular direction. More spe-
cifically, a rubber block that is essentially rectangular is
longer in one direction; and therefore, it is more difficult to
move the components along the length of the block versus the
thinner, perpendicular direction. However, movement in the
perpendicular direction (across the thinner portion of the
rubber block) typically requires large strains in the rubber
with only limited displacement capability.

Thus, it can be appreciated that an improved mounting
assembly for movably mounting components to one another,
without being susceptible to environmental contamination
and without requiring large strains in the material, is desired.

SUMMARY

A mounting assembly includes an attachment assembly
and a strap attachment assembly having a cylinder moveable
relative to the attachment assembly along a first axis. The
mounting assembly further includes a strap at least partially
encircling the cylinder, wherein the strap has first and second
strap ends with at least one of the first and second strap ends
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secured to the attachment assembly such that the strap allows
movement of the cylinder substantially along the first axis,
and such that the strap substantially prevents movement of the
cylinder along a second axis substantially transverse to the
first axis.

This summary is provided to introduce a selection of con-
cepts in a simplified form that are further described below in
the Detailed Description. This summary is not intended to
identify key features of the claimed subject matter, nor is it
intended to be used as an aid in determining the scope of the
claimed subject matter.

DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of the present disclosure will become more readily
appreciated by reference to the following detailed descrip-
tion, when taken in conjunction with the accompanying draw-
ings, wherein:

FIG. 1 is an environmental isometric view of a compliant
isolator formed in accordance with an exemplary embodi-
ment of the present disclosure, wherein the compliant isolator
is shown in use with a vehicle;

FIG. 2A is a first side isometric view of the compliant
isolator of FIG. 1;

FIG. 2B is a second side isometric view of the compliant
isolator of FIG. 1;

FIG. 3A is atop plan view of the compliant isolator of FIG.
1, wherein the compliant isolator is shown in a first position;

FIG. 3B is a top plan view of the compliant isolator of F1G.
1, wherein the compliant isolator is shown in a second posi-
tion; and

FIG. 4 is a prior art design of a compliant connection
assembly shown moving between first and second positions.

DETAILED DESCRIPTION

Referring to FIG. 1, a mounting assembly, or a compliant
isolator 10 formed in accordance with an exemplary embodi-
ment of the present disclosure is depicted. The compliant
isolator 10 is configured to secure first and second compo-
nents together such that at least one of the components may
move along a first axis X (for instance, in a fore/aft direction),
and such that both components are substantially prevented
from moving along a substantially perpendicular Y axis (for
instance, in a cross-car direction).

In general, the compliant isolator 10 includes a strap
adjustment assembly 14 movably secured to a strap mounting
assembly 18 through a strap 22. In the depicted embodiment,
the strap adjustment assembly 14 is movably connected to a
first component A of a vehicle V, and the strap end mounting
assembly 18 is connected to a second component B of the
vehicle V. Although the compliant isolator 10 may be used to
connect any suitable components of the vehicle V, the isolator
10 is shown connecting components A and B of the vehicle
frame F. Moreover, the isolator is shown having the first
component A, movable relative to the second component B,
which is fixed to the frame F. However, it should be appreci-
ated that the first component A may instead be fixed, with the
second component B being movable relative thereto. As yet
another alternative, both first and second components A and B
may be moveable relative to each other.

Moreover, it should be appreciated that although the com-
pliant isolator 10 is shown in use with components of a
vehicle V, the compliant isolator 10 may instead be used to
connect any suitable components of an assembly. Thus, the
disclosure and illustrations provided herein should not be
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seen as limiting the scope of the claimed subject matter. In
addition, various directional terms, such as fore/aft, cross-car,
etc., may be used in describing aspects of the compliant
isolator 10. Such terms are for ease of description only, and
also should not be seen as limiting the scope of the claimed
subject matter.

Referring to FIGS. 2A and 2B, the compliant isolator 10
will now be described in detail. As noted above, the compliant
isolator 10 includes a strap adjustment assembly 14 movably
secured to a strap end mounting assembly 18 through a strap
22. The strap adjustment assembly 14 includes a cylinder 26
having a length. The length of the cylinder 26 defines a central
longitudinal axis, which extends substantially along a Z axis
that is perpendicular to both the X axis and the Y axis.

The cylinder 26 is fixedly secured to a vehicle mounting
member 30. Mounting member 30 may be any suitable
bracket or other device that is secured to a portion of the
cylinder 26 and that is suitable for being secured to the first
vehicle component A. In that regard, the mounting member
30 may include one or more openings 32 for receiving fas-
teners to be secured to the first vehicle component A.

The mounting member 30 may be secured to the cylinder
26 in any suitable manner, such as by welding, with fasteners,
etc. In that regard, the mounting member 30 may pass through
a mounting member opening 36 in the strap 22 and cylinder
26 for securing the mounting member 30 to the cylinder 26.
However, it should be appreciated that the mounting member
30 may instead extend from the exterior surface of the cylin-
der 26 while passing through an opening in the strap 22.
Moreover, the mounting member 30 may be secured to the
cylinder 26 in any other suitable manner.

As noted above, the strap 22 extends between the cylinder
26 and the strap end mounting assembly 18 for movably
securing the strap adjustment assembly 14 to the strap end
mounting assembly 18. In that regard, the strap 22 includes a
strap body 34 extending substantially around the entire cir-
cumference of the cylinder 26. However, the strap body 34 is
not secured to the outer surface of the cylinder 26; and there-
fore, the strap body 34 may wind and unwind around the
cylinder 26.

The strap body 34 may have a thickness and width that is
substantially uniform along its length, wherein the width of
the strap body 34 may be substantially equal to the length of
the cylinder 26. However, the length of the cylinder 26 may be
greater than the width of the strap body 34 without departing
from the scope of the present disclosure. As the thickness, and
width of the strap body 34 increases, the durability of the
compliant isolator 10 increases. Moreover, as will become
appreciated from the below, an increased strap thickness and
width helps increase the resistance of the compliant isolator
10 along theY axis. It should be appreciated that the thickness
and width of the strap body 34 may be increased or decreased
to adjust the resistance of the strap along the Y axis.

The strap further includes first and second strap ends 38
and 42 defined at the ends of'the strap 22, which are connected
to a Y-shaped bracket assembly 62 of the strap end mounting
assembly 18. However, the first and second strap ends 38 and
42 overlap or crisscross over one another before being
secured to portions of the Y-shaped bracket assembly 62. In
that regard, strap 22 includes a first tangent portion 46 extend-
ing from the cylinder 26 (see FI1G. 2B) toward the first strap
end 38, and a second tangent portion 50 extending from the
cylinder 26 toward the second strap end 42.

The first and second strap ends 38 and 42 and first and
second tangent portions 46 and 50 are substantially the same
thickness and width as the strap body 34. However, in order to
allow the overlapping or crisscrossing of the first and second
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strap ends 38 and 42, the first tangent portion 46 includes a
reduced width portion 58 that is sized to pass through a first
tangent portion elongated opening 54 defined along a portion
of'the second tangent portion 50. In this manner, the first and
second tangent portions 46 and 50 may crisscross over one
another and be secured to the Y-shaped bracket assembly 62
without twisting or stretching the strap 22. In effect, the width
of the first and second tangent portions 46 and 50 extend
substantially along the Z axis.

The first and second strap ends 38 and 42, after crisscross-
ing over one another, are secured to first and second brackets
66 and 70 of the Y-shaped bracket assembly 62. The first and
second brackets 66 and 70 are substantially identical, with the
second bracket 70 mirroring the first bracket 66. Therefore,
only the first bracket 66 will be described in detail. Moreover,
it should be appreciated that only one of the first and second
strap ends 38 and 42 may be secured to the Y-shaped bracket
assembly 62, with the other of the first or second ends 38 and
42 secured to the cylinder 26. In such an embodiment, the first
or second bracket 66 or 70 may be eliminated.

The first bracket 66 defines half of the Y-shaped bracket
assembly 62. In that regard, the first bracket 66 includes a
stem portion 74 and a branch portion 78 extending outwardly
atan angle from an edge of the stem portion 74. A curved end
portion 82 is defined at the distal end of the branch portion 78.
The curved end portion 82 extends in substantially the oppo-
site direction of the branch portion 78 toward the stem portion
74.

The stem portion 74 of each of the first and second brackets
66 and 70 are secured together back to back with any suitable
fasteners 84, such as a nut and bolt assembly. The first and
second brackets 66 and 70 are secured together at their stem
portion 74 such that the branch portion 78 of the first bracket
66 extends away from the branch portion 78 of the second
bracket 70. In this manner, the first and second brackets 66
and 70, when assembled, define a substantially symmetrical
Y-shaped bracket assembly 62.

The Y-shaped bracket assembly 62 is positioned such that
the stem portion 74 extends away from the strap adjustment
assembly 14, and the stem portion 74 is secured to the second
component B. The first and second strap ends 38 and 42 are
secured to the curved end portions 82 of the first and second
brackets 66 and 70, respectively. When connected to the first
and second brackets 66 and 70, the length of each of the first
and second tangent portions 46 and 50 is substantially per-
pendicular to the X axis when the compliant isolator is in a
first, non-displaced position, as shown in FIGS. 2A, 2B, and
4A. Stated another way, in the first, non-displaced position,
the length of each of the first and second tangent portions 46
and 50 extends substantially along the Y axis.

The first and second strap ends 38 and 42 may be secured
to the curved end portions 82 of the first and second brackets
66 and 70 in any suitable manner. For instance, as shown in
the depicted embodiment, the first and second strap ends 38
and 42 are secured to the curved end portions 82 through
fasteners 86, with a washer or plate 88 being disposed
between the fasteners 86 and the curved end 82 of the first or
second bracket 66 or 70.

Itshould be appreciated that the strap end mounting assem-
bly 18 may instead include any other bracket assembly con-
figuration suitable for positioning the first and second tangent
portions 46 and 50 such that the width of the first and second
tangent portions 46 and 50 extends substantially along the Z
axis.

With the stem portion 74 secured to the second vehicle
component B, as noted above, the first and second strap ends
38 and 42 are fixably secured to the strap end mounting



US 9,205,877 B2

5

assembly 18. As such, the strap adjustment assembly 14 may
move along the X axis while remaining secured to the strap
end mounting assembly 18. Moreover, movement of the strap
adjustment assembly 14 along the Y axis (along the length of
the first and second tangent portions 46 and 50) is substan-
tially prevented.

Referring to FIGS. 3A and 3B, aspects of the compliant
isolator 10, for allowing the strap adjustment assembly 14 to
move along the X axis while substantially preventing move-
ment along the Y axis, will now be described in detail. The
strap adjustment assembly 14 is movable along the X axis
between a first non-displaced position, as shown in FIG. 3A,
and a second displaced position, as shown in FIG. 3B.

Referring specifically to FIG. 3A, in the first non-displaced
position, the lengths of the first and second tangent portions
46 and 50 extend substantially along the Y axis and are sub-
stantially transverse to the X axis. As such, the first angle
defined between either the first or second tangent portion 46
or 50 and the Y axis is substantially equal to zero. With the
first and second tangent portions 46 and 50 positioned sub-
stantially transverse to the X axis, the first and second tangent
portions 46 and 50 must stretch along their length to allow the
cylinder 26 to move along the Y axis. If the strap 22 is made
from a suitably durable material, such as rubber, and the strap
22 has a sufficient thickness and width, the strap 22 substan-
tially prevents any movement along the Y axis. It should be
appreciated that if only one strap end 46 or 50 is secured to the
Y-shaped bracket assembly 62 (with the other strap end
secured to the cylinder 26), the strap 22 would substantially
prevent movement along the Y axis in only one direction.

However, the strap 22 is configured to allow movement
along the X axis. In the first non-displaced position, the first
and second tangent portions 46 and 50 each have a predeter-
mined initial length. For instance, as shown in FIG. 3A, the
initial actual length of the second tangent portion 50 is D1,
which is the distance from a first tangency point T1 to the
curved end 82 of the first bracket 66. The second tangent
portion 50 also includes an unwindable length D2 defined
along an arced portion of the cylinder 26. In other words, D2
is the distance the strap 22 may unwind from the cylinder 26
to allow the cylinder 26 to move along the X axis.

Referring to FIG. 3B, the strap adjustment assembly 14 is
moved into a second displaced position by moving the cylin-
der 26 along the X axis away from strap end mounting assem-
bly 18 a predetermined distance D3. To facilitate the cylinder
movement without substantially increasing the strain in the
strap 22, the strap 22 partially unwinds from the cylinder 26
as the cylinder 26 is moved along the X axis to increase the
length of the second tangent portion 50.

The strap 22 partially unwinds from the cylinder 26 the
predetermined amount D2 as the cylinder 26 is moved along
the X axis. Referring to FIG. 3B, when the second tangent
portion 50 unwinds from the cylinder 26 the predetermined
amount D2, the tangency point moves from T1 to T2. As a
result, the second tangent portion 50 now has a longer length
D4 defined between the second tangency point T2 to the
curved end 82 of the first bracket 66. Thus, the length of the
second tangent portion 50 increases to accommodate the cyl-
inder movement without substantially increasing the strain
therein (wherein the same is true for the first tangent portion
46).

The second length D4 of the second tangent portion 50 is
equal to at least the sum of the first length D1 plus the
unwound length D2. In prior art rubber isolators, the length of
the rubber must stretch to increase in length and accommo-
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date movement. Thus, the strain in strap 22 of the compliant
isolator 10 is significantly less than the strain in a prior art
rubber isolator.

When strap 22 unwinds from the cylinder 26 to lengthen
the second tangent portion 50, the second tangent portion 50
also defines a second angle between the second tangent por-
tion 50 and the Y axis (wherein that same is true for the first
tangent portion 46). As shown in FIG. 3B, the second tangent
portion 50 defines an angle a between the second tangent
portion 50 and the Y axis, wherein angle a is greater than zero.

As can be appreciated from the foregoing, the compliant
isolator 10 allows for movement of the cylinder 26 along the
X axis without requiring a significant strain in the strap 22.
More specifically, rather than requiring the strap 22 to signifi-
cantly stretch in order to accommodate movement of the
cylinder 26 along the X axis, the tangent portions 46 and 50 of
the strap 22 unwind from the cylinder 26 to increase in length.
With the strap 22 being wound around the cylinder 26, the
cylinder 26 converts the arced body portion D2 of the strap 22
into a straight line by repositioning the tangency point from
T1 to T2. The change in tangency point effectively gives the
first and second tangent portions 46 and 50 extra length,
thereby reducing the strain in the strap 22. Thus, displacement
of the cylinder 26 along the X axis requires a very small
amount of strain relative to the displaced distance D3. The
reduction in strain results in decreased resistance to motion of
the cylinder 26 along the X axis.

The movement capability and restriction of the compliant
isolator is similar to a linear bearing or bushing that allows a
component to move along a first axis but substantially pre-
vents movement along the second perpendicular axis. How-
ever, the compliant isolator 10 is not susceptible to wear like
linear bearings and bushings because it does not include any
sliding, hinging, or rolling parts. Moreover, the compliant
isolator is more economical to produce as precision parts are
not needed. Furthermore, environmental contamination, such
as debris, water, and ice, does not substantially affect the
function of the compliant isolator 10 as it would with a linear
bearing or bushing.

The compliant isolator 10 also provides advantages over a
prior art compliant isolator in that a very small amount of
strain in the strap 22 is necessary to move the component
along a desired axis. This distinction will be further illustrated
by the example below.

EXAMPLE

Referring still to FIGS. 3A and 3B, an exemplary calcula-
tion of the strain in the lengthened second tangent portion 50
of the strap 22 in comparison to a prior art design will be
hereinafter provided to illustrate aspects of the compliant
isolator 10. First, using mathematical methods known to
those of ordinary skill in the art, the exemplary strain in the
second tangent portion 50 when the cylinder 26 is moved into
the displaced position will be calculated.

For the purposes of strain calculation, the following dimen-
sions are used:

D1=30 mm

D2=13.9 mm

D3=20 mm

D4=49.73 mm

It should be appreciated that the above dimensions may by
derived either mathematically (with certain variables known)
or by measurement.

Referring specifically to FIG. 3A, the second tangent por-
tion 50 includes an original length D1, which is the distance
between the first tangent point T1 and the second strap end 42.
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The unwindable length D2 (the distance between the first
tangent point T1 and the final tangent point T2) is added to D1
to give the second tangent portion 50 a total effective length,
before displacement, of D1 plus D2.

Referring to FIG. 3B, the cylinder 26 is displaced 20 mm
(D3) along the X axis, and the final length of the strap D4 may
be calculated or measured to be 49.73 mm. Strain in the
second tangent portion 50 may then be calculated as the
difference between the original effective strap length and the
final strap length divided by the original effective strap
length. Thus, the strain is calculated as follows, with € repre-
senting strain.

e=(DA-(D1+D2))/(D1+D2)

Plugging the known dimensions into the above equation,
the strain in the strap is about 13.3% when the cylinder is
displaced by D3, or 20 mm.

Referring to FIG. 4, a calculation of the strain in a prior art
compliant isolator 110 will now be provided for comparison.
In the exemplary prior art compliant isolator 110, a strap 122
having an initial length D5 extends between a first compo-
nent, or cylinder A, and a second component B. The strap 122
is fixed at both its ends at points M and N. When the cylinder
A is displaced along the X axis a predetermined distance D6,
such as 20 mm, the strap 122 must effectively stretch to
lengthen and accommodate the displacement D6.

In this example, the original length of the strap D5 is equal
to 30 mm, similar to the strap 22 in the compliant isolator 10.
When the cylinder A is displaced 20 mm along the X axis, the
final length of the strap D5 is measured or calculated to be
36.05 mm. Thus, the strain in the strap 122 of the prior art
compliant isolator 110 is 20.2% (calculated using the same
equation set forth above). Thus, the 20.2% strain in the strap
122 of the prior art compliant isolator 110 is significantly
greater than the 13.3% strain in the strap 22 of the compliant
isolator 10. Accordingly, it can be appreciated that the com-
pliant isolator 10 provides advantages over a prior art com-
pliant isolator in that a very small amount of strain in the strap
is necessary to move the component along a desired axis.

While illustrative embodiments have been illustrated and
described, it will be appreciated that various changes can be
made therein without departing from the spirit and scope of
the invention.

The embodiments of the present disclosure in which an
exclusive property or privilege is claimed are defined as fol-
lows:

1. A mounting assembly, comprising:

(a) an attachment assembly, wherein the attachment assem-
bly includes a substantially Y-shaped bracket having a
stem portion and first and second branch portions
extending from the stem portion;

(b) a strap attachment assembly having a cylinder move-
able relative to the attachment assembly along a first
axis; and

(c) astrap at least partially encircling the cylinder, wherein
the strap has first and second strap ends with at least one
of the first and second strap ends secured to the attach-
ment assembly such that the strap allows movement of
the cylinder substantially along the first axis, and such
that the strap substantially prevents movement of the
cylinder along a second axis substantially transverse to
the first axis.

2. The mounting assembly of claim 1, wherein a portion of
the strap unwinds from the cylinder to allow movement of the
cylinder substantially along the first axis.

3. The mounting assembly of claim 1, wherein the strap
includes a first strap tangent portion extending between a first
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tangent point of the cylinder and the attachment assembly, the
first strap tangent portion having a first length.

4. The mounting assembly of claim 1, wherein a strap axis
extending along the length of the first tangent portion is
substantially perpendicular to the first axis.

5. The mounting assembly of claim 1, wherein both the first
and second strap ends are secured to the attachment assembly
to define a first strap tangent portion extending between a first
tangent point of the cylinder and the attachment assembly and
a second strap tangent portion extending between a second
tangent point of the cylinder and the attachment assembly.

6. The mounting assembly of claim 5, wherein the first
strap tangent portion crisscrosses the second strap tangent
portion.

7. The mounting assembly of claim 5, wherein the first and
second tangent portions are secured to first and second distal
ends of the first and second branch portions.

8. A mounting assembly, comprising:

(a) an attachment assembly, wherein the attachment assem-
bly includes a substantially Y-shaped bracket having a
stem portion and first and second branch portions
extending from the stem portion;

(b) a strap attachment assembly having a cylinder move-
able relative to the attachment assembly substantially
along a first axis; and

(c) a strap at least partially encircling the cylinder, wherein
the strap has first and second strap ends with at least the
first strap end secured to the attachment assembly, and
wherein a first tangent portion of the strap extends
between a first tangent point of the cylinder and the first
end of the strap, wherein the cylinder is moveable sub-
stantially along the first axis between a first position,
wherein the first tangent portion defines a first angle
relative to a second axis substantially perpendicular to
the first axis, and a second position, wherein the first
tangent portion defines a second angle relative to the
second axis, the second angle larger than the first angle.

9. The mounting assembly of claim 8, wherein the first
tangent portion defines a length and a first strap axis extend-
ing along its length.

10. The mounting assembly of claim 9, wherein the first
strap axis is substantially perpendicular to the first axis when
the cylinder is in the first position.

11. The mounting assembly of claim 10, wherein the first
strap axis is in substantial alignment with the second axis
when the cylinder is in the first position.

12. The mounting assembly of claim 9, wherein the first
tangent portion has a first length when the cylinder is in the
first position, and wherein the first tangent portion has a
second length longer than the first length when the cylinder is
in the second position.

13. A mounting assembly, comprising:

(a) an attachment assembly, wherein the attachment assem-
bly includes a substantially Y-shaped bracket having a
stem portion and first and second branch portions
extending from the stem portion;

(b) a strap attachment assembly having a cylinder move-
able relative to the attachment assembly substantially
along a first axis; and

(c) a strap at least partially encircling the cylinder, wherein
the strap has first and second strap ends with at least the
first strap end secured to the attachment assembly, and
wherein a first tangent portion of the strap extends
between a tangent point of the cylinder and the first end
of the strap, wherein the cylinder is moveable substan-
tially along the first axis between a first position,
wherein the first tangent portion has a first length, and a
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second position, wherein the first tangent portion has a
second length larger than the first length.

14. The mounting assembly of claim 13, wherein the first
tangent portion extends between a first tangent point of the
cylinder and the attachment assembly when the cylinder is in
the first position, and wherein the first tangent portion extends
between a second tangent point of the cylinder and the attach-
ment assembly when the cylinder is in the second position.

15. The mounting assembly of claim 14, wherein a first
strap arc length is defined between the first and second tan-
gent points.

16. The mounting assembly of claim 15, wherein the sec-
ond length of the first tangent portion is equal to at least the
sum of the first strap arc length and the distance between the
first tangent point and the first strap end.

17. The mounting assembly of claim 13, wherein the first
tangent portion defines a first strap axis extending along its
length.

18. The mounting assembly of claim 17, wherein the first
strap axis is substantially perpendicular to the first axis when
the cylinder is in the first position.

19. The mounting assembly of claim 17, wherein the first
strap axis is in substantial alignment with the second axis
when the cylinder is in the first position.
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